Introduction
Multiple myeloma (MM) is a unique B-cell neoplasm characterized by the accumulation of clonal malignant plasma cells in the bone marrow (BM). 1, 2 The massive number of plasma cells usually disseminates into multiple bone lesions that are located far from the primary lesion, much like cancer metastasis. The molecular mechanism by which a primary myeloma lesion progresses to multiple lesions has not been fully elucidated. Although autologous stem cell transplantation combined with chemotherapeutic agents such as thalidomide, lenalidomide, and bortezomib can significantly improve response rates and the prognosis of MM patients, [3] [4] [5] MM remains incurable for the majority of patients because of relapse. 6, 7 Hypoxia is an important element of the cancer microenvironment and is known to be associated with metastasis. Under hypoxia, cancer cells secrete substances that modulate their hostile microenvironment to promote tumor angiogenesis. [8] [9] [10] Aberrant angiogenesis has been reported in MM-infiltrated BM, [11] [12] [13] and increased angiogenic activity is associated with endothelial activation, increased capillary permeability, and hyperperfusion. [14] [15] [16] Evidence suggests that MM cells promote angiogenic activity via hypoxia-inducible factor (HIF)-1a, a key transcription factor of hypoxia, leading to the overproduction of angiogenic cytokines such as vascular endothelial growth factor (VEGF), 17 angiopoietin-1, 18 and osteopontin. 19 In addition to conventional signaling pathways responding to hypoxia (ie, direct cell-cell contact or VEGF signaling), 10 our group and others have shown that exosomes, small endosome-derived vesicles containing a wide range of functional proteins, mRNA, and miRNA, from hypoxic cancer cells help to modulate the microenvironment without contacting the surrounding noncancer cells. 20 Previous studies demonstrated that oxygen tension in MM-infiltrated BM was lower than in normal BM, which is already hypoxic in nature. 21 The massive proliferation of MM cells produces hypoxic conditions in the tumor, which may lead to more rapid cell proliferation, drug resistance, and angiogenesis. 11, 22 However, little is known about how hypoxia affects the biological properties of MM cells in vivo. Previous studies using a human tumor syngeneic mouse model (the 5T33M mouse MM model) demonstrated that myelomatous BM is more hypoxic than normal BM. 21, 23, 24 In contrast to those in vivo models, the majority of in vitro hypoxia studies of cancer cells have used acute hypoxic exposure (3-24 hours) .
To clarify the role of MM-derived exosomes in hypoxic BM, we established an in vitro chronic hypoxia model using MM cells that show continuous growth in vitro under hypoxic conditions lasting more than 6 months (hypoxia-resistant [HR] cells). Here, we investigated the MM cell-endothelial cell interaction via miR-135b
shed from MM cells under hypoxia, which may promote MM disease progression without directly contacting adjacent tissue.
Materials and methods

Cell lines and culture conditions
Human MM cell lines (RPMI8226, KMS-11, U266) and human umbilical vein endothelial cells (HUVECs) were purchased from the Human Science Research Resource Bank (Osaka, Japan) and Lonza Inc. (Allendale, NJ), respectively. See the supplemental Methods on the Blood Web site for details.
Establishment of HR-MM cell lines
Cell lines RPMI8226, KMS-11, and U266 were incubated under hypoxic conditions (1% O 2 ) for 6 to 7 months. The sublines that survived well under long-term hypoxia were designated HR-MM cells RPMI8226-HR, KMS-11-HR, and U266-HR, respectively.
Preparation of exosomal fraction
MM cell lines were seeded at a density of 5 3 10 5 cells/mL and cultured for 24 hours (unless otherwise indicated) under hypoxic (1% O 2 ) or normoxic (20% O 2 ) conditions in serum-free AIM-V medium (Invitrogen, Carlsbad, CA). The exosomes derived from MM cells were purified by Exoquick Exosome Precipitation Solution (System Biosciences, Mountain View, CA) as described previously. 25 
Transmission electron microscopy
Exosomes were prepared and fixed as described previously. 20 The samples were observed with a transmission electron microscope (JEM-1200EX; JEOL Ltd., Tokyo, Japan) at an acceleration voltage of 80 kV.
Nanoparticle tracking analysis of exosomes
Measurements for nanoparticle tracking analysis were performed using the Nanosight LM10 system (Nanosight, Amesbury, United Kingdom), fixed as described previously. 20 The capture settings and analysis settings were performed manually according to the manufacturer's instructions.
Tube formation assay
The formation of capillarylike structures was assessed as described previously. 20 HUVECs (2 3 10 4 cells/well) were plated on top of Matrigel (280 mL/well) and treated with exosomes (500 mL of exosome fraction/well) derived from MM cells (2.5 3 10 6 cells) cultured for 24 hours under hypoxic conditions or under normoxic conditions. The total tube area was quantified as mean pixel density obtained from image analysis of 5 random microscopic fields using ImageJ software (http://rsb.info.nih.gov/nih-image/).
miRNA expression profiles
Isolation of cellular and exosomal miRNAs was performed using the miRNeasy kit (Qiagen, Hiden, Germany) as described previously. 20 See the supplemental Methods for details. MiRNA profiling in both cells and exosomes was performed using a TaqMan low-density miRNA array (Applied Biosystems, Foster City, CA) according to the manufacturer's recommendations. The relative expression of each gene was calculated by using the comparative threshold cycle (Ct) method, as described previously.
25
RNU6B was used as an invariant control for the cellular miRNA. The synthetic spike control (ath-miR-159) was used as an invariant control for the exosomal miRNA.
Transfection of MM cells with Cy3-labeled pre-mir miRNA precursor and PKH67-labeled exosome transfer Pre-mir miRNA precursor (has-miR-210 or has-miR-135b; Ambion, Austin, TX) was labeled with Label IT siRNA Tracker Cy3 kit (Mirus, Madison, WI) according to the manufacturer's instructions. The PKH67-labeled exosomes including Cy3-miR-210 or Cy3-miR-135b were collected as described previously. 20 miRNA target reporter luciferase assay Synthetic oligonucleotides bearing the miR-135b binding sequence (59-TCACATAGGAATGAAAAGCCATA-39) or factor-inhibiting hypoxiainducible factor 1 (FIH-1) 39-UTR with the miR-135b complementary binding site (59-TTAGATAGGGTTCCAACTGGGCCTACAAGCTCAAGC CATACATAAAAGGACCTTGGG-39) were cloned into the firefly luciferase reporter plasmid pMIR-Report (Ambion) according to the manufacturer's protocol (the seed sequence of miR-135b is shown in bold italics). We also generated the mutated sensor vector in which the seed sequence of miR-135b was changed to CCTAACGC. For measuring luciferase activity, see the supplemental Methods for details. 
Immunoblotting
The cells were lysed in lysis buffer (Roche, Penzberg, Germany), and equal amounts of protein were separated on sodium dodecyl sulfate-polyacrylamide gels. The exosome pellets isolated from the same amount of culture medium (5 mL) were lysed in 200 mL of lysis buffer (Roche), and the same amounts of lysate (30 mL) were loaded in each lane of the gels. See the supplemental Methods for details of antibodies used for the immunoblots.
In vivo Matrigel plug assay
The exosome derived from RPMI8226/miR135b mimic (RPMI8226-transfected miR-135b mimic) or RPMI8226-HR/anti-miR135b (RPMI8226-HR-transfected anti-miR-135b inhibitor) were mixed with Matrigel (200 mL), and then the mixture was subcutaneously injected into nude mice (female, 8-week-old BALB/c-n/n; CLEA Japan, Tokyo, Japan). After 1 week, the Matrigel plugs were harvested and processed for analysis. See the supplemental Methods for details of analysis of capillary density.
Statistical analyses
Data are expressed as mean 6 standard deviation (SD). Two treatment groups were compared by Mann-Whitney U test or Student t test. Multiple group comparisons were performed by analysis of variance. GraphPad Prism version 5c for Macintosh (GraphPad Inc., La Jolla, CA) was used for statistical analyses. Results were considered statistically significant when P , .05.
Results
Establishment and characterization of HR-MM cells
The cell growth of parental cells and cell growth of HR-MM cells were measured at 24, 48, and 72 hours ( Figure 1A ). Growth of the parental cells was significantly reduced by incubation under hypoxic conditions for 48 to 72 hours, but the HR-MM cells continued to grow, although the proliferation rate was reduced. The expression of HIF-1a was upregulated in parental cells under acute hypoxia for 24 hours, and upregulation of HIF-1a expression was more evident in HR-MM cells under hypoxic conditions (1% O 2 ) compared with parental cells ( Figure 1B ). Furthermore, we compared the MM surface markers (CD19
) between the parental cells and HR-MM cells by flow cytometry (supplemental Figure 1A) . We could not find a remarkable change in the CD138 expression pattern, but there was a change in the KMS-11 cells. In RPMI8226 and U266 cells, there was no difference in the expression of 2 genes between parental cells and HR-MM cells (supplemental Figure 1B) , and they have maintained the expression of MM cell-surface markers and transcription factors.
Characterization of exosomes derived from HR-MM cells
We next compared the size, ultrastructures, and quantity of exosomes between parental and HR-MM cells. Transmission electron microscopy revealed that the size of exosomes was similar between the parental cells (RPMI8226 20%O2 and RPMI8226 20%O2 -exosomes did not ( Figure 3A -B,E-F). Exosomes from HR-MM cells significantly enhanced tube formation of HUVECs compared with the control ( Figure 3C ,E-F). Because exosome release from HR-MM cells was twofold that of parental cells, we also tested the effect of adding half the amount of RPMI8226-HR 1%O2 -exosomes; we found that tube formation significantly decreased in an exosome dose-dependent manner ( Figure 3C -D,F and supplemental Table 1 ). These findings indicate that the amount of exosomes affects tube formation in HUVECs under normoxic conditions.
Local effect of exosome: increased tube formation by exosomes from HR-MM cells is dose independent in hypoxic HUVECs
In the majority of cases, both MM and endothelial cells might be under hypoxic conditions, especially when endothelial cells are adjacent to MM cells. Therefore, we investigated the local effect of exosomes and whether exosomes derived from HR-MM cells could affect tube formation of HUVECs cultured under hypoxic Table 1 ). It would be logical to assume that tube formation might decrease by half with half the amount of exosomes, but the decrease of tube formation of HUVECs was not so evident at this lower dose. This indicates that the accelerated tube formation does not simply depend on the amount of exosomes.
Cellular and exosomal miRNA profiling of HR-MM cells
We then compared miRNA profiles of cells and exosomes using the 3 parental cells and 3 HR-MM sublines (NCBI, gene expression omnibus; GSE48983). We extracted the cellular and exosomal miRNAs with a fold change of ,1.5 and on the basis of Ct value (20-25, 25-30, 30-35) . We arbitrarily subdivided miRNA as follows: (1) miRNAs upregulated in acute hypoxia and HR cells, (2) miRNAs upregulated in only acute hypoxia, and (3) miRNAs upregulated in only HR cells (Tables 1-3 ). The upregulation of miR-210 was found in acute hypoxia and HR cells in all cell lines. In contrast, we could not find any HR-specific miRNA universally expressed in the 3 cell lines. Several miRNAs were HR specific in at least 2 cell lines: miR-425 and miR-135b (RPMI8226-HR and KMS-11-HR cells); miR-335, miR-328, and miR-200c (KMS-11-HR and U266-HR cells); and miR-223 (RPMI8226-HR and U266-HR cells) (Tables 1-3 ). Among them, the expression level of miR-135b was as high as that of miR-210. Therefore, we investigated miR-135b further.
Kinetics of miR-210 and miR-135b in hypoxia
We measured the intracellular or exosomal miR-210 and miR-135b expressions of RPMI8226 and RPMI8226-HR with real-time reverse-transcription polymerase chain reaction. We found different miRNA kinetics of miR-210 and miR-135b during culture under hypoxic conditions. In parental cells, the expression of intracellular and exosomal miR-210 was not found under normoxic conditions, whereas miR-210 expression was upregulated soon after hypoxic exposure (1 hour) and then increased gradually until 72 hours ( Figure 4A-B) . In HR-MM cells, high miR-210 expression was maintained in hypoxic culture, but the expression gradually disappeared over the course of 1 week in culture under normoxic conditions ( Figure 4A-B) . These findings indicate that upregulated miR-210 expression is reversible and depends on the oxygen concentration. In contrast, miR-135b was barely detected in cells and exosomes of the parental line. miR-135b upregulation only occurred in HR-MM cells, and the expression level was maintained when cells were cultured under normoxic conditions for 1 week (Figure 4C-D) . These results indicate that miR-210 is a universal hypoxia-responsive miRNA with transient expression, whereas miR135b is an HR-MM cell-specific miRNA with continuous expression.
Exosomal miR-135b derived from HR-MM cells regulates the target gene in HUVECs
We visualized the transport of exosomal miR-135b derived from RPMI8226-HR cells into HUVECs transfected with b-gal control plasmid (HUVECs/b-gal) using the method modified from our previous report. 25 After incubation with PKH67-labeled exosomes derived from RPMI8226-HR/Cy3-miR-135b cells, the Cy3-miR135b signals and PKH67 signals were colocalized in the cytoplasm of HUVECs/b-gal ( Figure 5A-F) . We performed a luciferase reporter assay to assess whether the exogenous miR-135b via exosomal transport could function like endogenous miRNA in endothelial cells. When HUVECs/b-gal transduced with the reporter plasmid-containing complementary miR-135b binding site (sensor vector, HUVECs/LUC/b-gal) were incubated with RPMI8226-HR 1%O2 -exosomes, firefly luciferase activity was significantly reduced compared with the control (HUVECs only; **P , .01) ( Figure 5G ). In contrast, the RPMI8226-HR 1%O2 -exosomes did not reduce the luciferase activity using a mutated sensor vector of miR-135b ( Figure 5G ).
To investigate whether RPMI8226-HR exosomes mediated angiogenesis is directly dependent on miR-135b, we performed knockdown experiments of exosomal miR-135b. The anti-miR135b inhibitor disrupted the activity of exosomal miR-135b; RPMI8226-HR/anti-miR135b-exosome and could not reduce the luciferase activity in HUVECs/LUC/b-gal (RPMI8226-HR/antimiR135b-exo vs RPMI8226-HR/con-exo; # P , .01) ( Figure 5G) . Furthermore, the knockdown of miR-135b led to a decrease in After the cellular and exosomal miRNAs were extracted by a fold change of ,1.5 and Ct value, they were subdivided into 2 groups: (1) miRNAs upregulated only in HR-MM cells (Acute hypoxia2, RPMI8226-HR↑), and (2) miRNAs upregulated in both acute hypoxia and HR-MM cells (Acute hypoxia↑, RPMI8226-HR↑). After the cellular and exosomal miRNAs were extracted by a fold change of ,1.5 and Ct value, they were subdivided into 2 groups: (1) miRNAs upregulated only in HR-MM cells (Acute hypoxia2, KMS-11-HR↑), and (2) miRNAs upregulated in both acute hypoxia and HR-MM cells (Acute hypoxia↑, KMS-11-HR↑).
endothelial tube formation via exosomes (RPMI8226-HR/con-exo vs RPMI8226-HR/anti-miR135b-exo; *P , .05) ( Figure 5H-J) . These results suggest that the RPMI8226-HR exosome-mediated angiogenesis is dependent on exosomal miR-135b.
Exosomal miR-135b enhances neovascularization in vivo
To analyze angiogenic responses to exosomes (exosomal miR-135b) derived from HR-MM cells, we performed an in vivo Matrigel plug angiogenesis assay to detect the newly-formed blood vessels in the transplanted gel plugs in nude mice ( Figure 6A ). The density of the neovessels line in Matrigel plugs was quantified by immunohistochemical staining with anti-mouse CD31 ( Figure 6B ). The plugs containing the exosomes derived from RPMI8226-HR/anti-miR135b significantly reduced the density of CD31
1 neovesssels compared with control (the exosomes derived from RPMI8226-HR/con) ( Figure 6C ). These additional experiments provide evidence of important roles for exosomal miR-135b derived from HR-MM cells on angiogenesis in vivo.
Exosomal miR-135b derived from HR-MM cells regulated the HIF-1 signaling in HUVECs
We performed in silico analysis to determine possible miR-135b targets that may be responsible for its angiogenic function, specifically under hypoxia, using database resources including Targetscan and MiRanda. Seven-hundred eighteen transcripts with conserved miR-135b binding sites were predicted. Among them, we selected 2 candidates with high predicted efficacy calculated by the context scores. One is angiopoietin-2 (ANGPT2), a key regulator of angiogenesis that exerts context-dependent effects on endothelial cells, After the cellular and exosomal miRNAs were extracted by a fold change of ,1.5 and Ct value, they were subdivided into 2 groups: (1) miRNAs upregulated only in HR-MM cells (Acute hypoxia2, U266-HR↑), and (2) For personal use only. on October 28, 2017. by guest www.bloodjournal.org From and the other is FIH-1, which is also known as hypoxic-inducible factor-1a subunit inhibitor. However, we found that only FIH-1 showed direct binding with miR-135b by luciferase reporter assay (supplemental Figure 3) . To validate the direct binding between miR-135b and the FIH-1 39-UTR region, we performed a luciferase reporter assay using the reporter plasmid containing FIH-1 39-UTR with the miR-135b binding site. Reduction of luciferase activity from the pLuc-FIH1-39-UTR plasmid was observed in HUVECs cultured with RPMI8226
20%O2 /miR-135b exosome (exosomes derived from RPMI8226 20%O2 transfected with miR-135b mimics; 70% reduction) or in HUVECs cultured with RPMI8226-HR 1%O2 -exosome (30% reduction) compared with control (HUVECs only) ( Figure 7A , left panel). As expected, deletion of the FIH-1 39-UTR sequence from the construct abolished the inhibitory effects of miR-135b on luciferase activity ( Figure 7A, right panel) . To clarify whether FIH-1 expression levels are reduced in RPMI8226-HR cells, we compared FIH-1 between the parental cells (RPMI8226) and HR-MM cells (RPMI8226-HR) using immunoblot analysis. FIH-1 expression was reduced in RPMI8226-HR cells (supplemental Figure 4A) . In contrast, FIH-1 protein was not detected in exosomes derived from RPMI8226-HR cells (supplemental Figure 4B) . The reduction of FIH-1 expression levels in RPMI8226-HR cells may be induced by endogenous miR-135b, and the FIH-1 protein of RPMI8226-HR cells did not transfer to the other cells via exosomes. These results indicate that exosomal (exogenous) miR-135b interacts with the FIH-1 39-UTR to exert translational repression in HUVECs.
To determine whether FIH-1 expression is suppressed by adding HR-MM-derived exosomes (exogenous-miR-135b), and whether the suppression depends on the oxygen levels of HUVECs in culture, we compared FIH-1 protein expression levels in normoxic HUVECs ( Figure 7B , left panel) and hypoxic HUVECs ( Figure 7B, right panel) . A reduction of approximately 70% of FIH-1 protein was observed in HUVECs cultured with RPMI8226-HR 1%O2 -exosomes compared with the control (Figure 7B ). There was no significant difference between HUVECs 20%O2 and HUVECs 1%O2 . These findings indicate that the suppression of FIH-1 by HR-MM-derived exosomes was independent of the oxygen levels of HUVECs. Finally, we investigated the HIF transcriptional activity to clarify the involvement of the HIF-1 and FIH-1 pathways in exosomal miR-135b-mediated tube formation in HUVECs. We transfected HUVECs with a reporter plasmid containing an SV40 promoterluciferase transcription unit downstream of a 68-bp hypoxiaresponse element that mediates HIF-1-dependent gene transcription. The reporter-gene expression was markedly increased in HUVECs 1%O2 relative to HUVECs 20%O2 ( Figure 7C, right panel) . In HUVECs 20%O2 , HIF-1 activity was barely detected before and after adding exosomes ( Figure 7C, left panel) . These findings strongly indicate that exosomal miR-135b accelerated HIF-1 transcriptional activity via inhibition of FIH-1.
Discussion
Hypoxic MM cells release various diffusible factors (eg, VEGF) that promote the angiogenic switch in MM. 26, 27 Although the hypoxic signaling pathway via VEGF by cell-cell contact has been studied in MM angiogenesis, 11, 17 the complexity of the hypoxic response in the MM microenvironment needs to be defined more clearly. Here, we provide evidence of exosome-mediated angiogenesis in MM cells under prolonged hypoxia.
One major barrier to investigating the effects of hypoxia on MM cells in vitro was that cells could grow only for several days under hypoxic conditions. Therefore, most studies were performed using MM cells exposed to hypoxia for 24 to 72 hours. In such cases, MM cells might respond to hypoxic stress in a manner similar to that of an ischemic attack rather than long-lasting intratumor hypoxia. Therefore, we established HR-MM cells, which can serve as a surrogate of therapy-resistant MM cells, because the biological effects of hypoxia on tumor cells are known to be resistant to anticancer chemotherapy and are known to increase the risk of tumor metastasis. [28] [29] [30] In the current study, we investigated the characteristics of exosome release in HR-MM cells. We first noted that the amount of exosomes from HR-MM cells was significantly greater than that of parental cells, and a subset of exosomal miRNA might work in a dose-dependent manner. Exosomal miR-210 induced tube formation in a dose-dependent manner when HUVECs were cultured under normoxic conditions. 20 One important finding is that upregulation of miR-210 is not specific to HR-MM cells. When HUVECs were cultured under hypoxic conditions, miR-210 expression in the HUVECs themselves increased. Under such conditions, certain miRNAs, other than miR-210, were likely to play more important roles, especially in local cell-cell communication in MM. We then focused on exosomal miR-135b as an miRNA specific to HR-MM cells. miR-135b was specifically upregulated in both exosomes and HR-MM cells, whereas the expression was barely detected in the parental cells, even when they were cultured under short-term hypoxia. miR-135b is an oncogenic microRNA that has been linked to the progression of several types of cancers, including colon cancer, 31, 32 osteosarcoma, 33 and non-small-cell lung cancer. 34 Some targets already reported the direct binding of miR-135b (such as SMAD5). 35 To the best of our knowledge, there is no report dealing with an association between those targets and angiogenesis. Zhang et al demonstrated a parallel correlation between miR-135b and HIF-1a; miR-135b is more involved with mechanisms of hypoxic response. 36 We noted that exosomal miR-135b derived For personal use only. on October 28, 2017. by guest www.bloodjournal.org From from chronic HR cells functioned as a signaling factor to transmit a hypoxic response. miR-135b may also contribute to angiogenesis in anaplastic large-cell lymphoma, implying that it plays a central role in regulating several signaling pathways. [36] [37] [38] In HR-MM cells, we identified the direct target of miR-135b, FIH-1, which is an asparaginyl hydroxylase enzyme binding to HIF-1a that inhibits its transactivation function. 39 Exosomal miR-135b may have the ability to improve the surrounding BM microenvironment by HR-MM cells via the HIF-FIH signaling pathway. This study has several limitations. Tumor angiogenesis is known to be regulated by various kinds of factors, including cytokines, chemokines, and growth factors derived from the BM microenvironment such that a complex mechanism may support MM disease progression and resistance to chemotherapy. 40, 41 Exosomes carry various molecules, including proteins, lipids, mRNAs, and miRNA. Thus, further studies are required to understand how soluble factors and/or exosomal contents affect miR-135b in the BM microenvironment in MM. There is another issue that needs to be addressed. A recent study by King et al has clearly demonstrated that hypoxia promotes the release of exosomes in breast cancer cells: the amount of exosomes increased when cells were incubated under hypoxia. 42 Therefore, it is important to take into consideration the amount of exosomes released in hypoxia. In the current study, we demonstrated both the quality and quantity of exosomes from HR-MM cells; however, it is still unknown whether known members of the HIF pathway affect exosome pathways or processing. Most importantly, the clinical relevance of miR-135b expression in MM patients is still uncertain. We and others have reported miRNA expression profiles in MM, but miR-135b expression was barely detected in MM cells and plasma, 43 which is consistent with our results using parental MM cell lines. In addition, we have determined the exosomal miR-135b expression level in plasma of 15 MM patients and 5 healthy volunteers. However, the expression levels of exosomal miR-135b in MM patients were significantly lower compared with those of healthy volunteers (supplemental Figure 5) . The most plausible explanation for this phenomenon is that exosomal miR-135b might play a major role in local area rather than circulating plasma. For this reason, plasma miR-135b expression is not a suitable prognostic factor at present, but exosomal miR-135b might be a potent molecular target related to local tumor angiogenesis. We also investigated exosomes from the primary myeloma cells of 2 MM patients (supplemental Figure 6) , and the findings indicate that at least a subset of MM patients exhibits high miR-135b expression, whereas MM patients are a highly heterogeneous group. Even when miR-135b was elevated in exosomes from MM cells of patient 2 (supplemental Figure 5) , plasma miR135b expression level was low. Furthermore, the Matrigel plug assay may provide evidence of an important role for exosomal miR-135b derived from HR-MM cells on angiogenesis in vivo ( Figure 6 ).
In conclusion, we constructed an in vitro HR-MM cell model that reflects prolonged intratumor hypoxia. The majority of previous studies refer to acute hypoxia, which may differ somewhat from in vivo conditions. To our knowledge, this is the first report to deal with cell-cell communication via exosomes under chronic hypoxia. Using this model, we provide new evidence that hypoxia-driven accelerated tube formation is attributable to exosomal miR-135b shed from HR-MM cells by targeting the HIF-1/FIH signaling pathway. with luciferase reporter genes linked to hypoxia response element (HRE). Luciferase activity was measured using the Dual-Glo Luciferase System (Promega). All assays were performed in triplicate. Means 6 SD are shown (**P , .01 vs control; HUVECs 1% O2 without exosomes, Student t test, n 5 3). exo, exosome.
